Satellite altimeter data of the past two decades are used to investigate the low-frequency 12 mesoscale eddy variability inside the western North Pacific subtropical gyre. Eddy activity 13 modulations with a decadal timescale are detected concurrently within the 18 • -28 • N band, 14 including the three branches of the Subtropical Countercurrent (STCC) and the Hawaiian 15 Lee Countercurrent (HLCC). Lagging behind the Pacific decadal oscillation (PDO) index 16 by six mnth, enhanced eddy activities were detected in 1995-98 and 2003-06, whereas 17 the eddy activities were below the average in 1999-2002 and 2009-11. Analysis of the 18 temperature and salinity data that became available after 2001 via the International Argo 19 Program reveals that the modulating eddy activities are due to the decadal change in the 20 upper ocean eastward shear in the broad-scale STCC/HLCC band. By conducting an upper 21 ocean temperature budget analysis, we found that this observed eastward shear change can 22 be effectively accounted for by the decadally-varying surface heat flux forcing. Using the 23 Argo-based temperature and salinity data, it is further found that the decadal subsurface 24 potential vorticity (PV) signals to the north and beneath the STCC/HLCC were vertically 25 coherent and not confined to the mode water isopycnals. Adjusting to the PDO-related 26 surface forcing, these subsurface PV anomalies lagged behind the upper ocean eastward 27 shear signals and likely made minor contributions to generate the decadally-varying eddy 28 signals observed in the western North Pacific subtropical gyre.
7
An effective way to capture the low-frequency eddy variability in the broad subtropical 124 gyre is to conduct an empirical orthogonal function (EOF) analysis of the eddy kinetic 125 energy field, where eddy kinetic energy is calculated using the SSH anomaly data, h ′ , based 126 on geostrophy:
to-peak amplitude of 200 ∼ 300 cm 2 s −2 , which is on par with the amplitude of the mean 149 annual EKE signals. For brevity, we will hereafter refer to the low-pass filtered EKE time 150 series of Fig. 3c as the decadal EKE index in the STCC band.
151
To further clarify the spatial characteristics of the decadal EKE signals, we present in data and other available moored and ship observations. This dataset is known as the 181 Monthly Objective Analysis using the Argo data-Grid Point Value (MOAA-GPV) and has 182 a 1 • spatial resolution for the 2,000 m upper ocean. As the MOAA-GPV dataset became 183 available in 2001 following the start of the international Argo project, the focus of our 184 following analyses is on the recent decadal change in EKE between 2003-06 and 2009-11. 185 To evaluate the validity of the MOAA-GPV dataset, we first compare the SSH difference 186 between 2003-06 and 2009-11 derived from the MOAA-GPV temperature/salinity data 187 ( Fig. 6b ) against that measured by satellite altimeters (Fig. 6a ). Although it fails to recover 188 the small-scale SSH features evident in Fig. 6a , the MOAA-GPV dataset is able to capture 189 faithfully the broad-scale features that appear in the 18 • -28 • N band of our interest. These 190 include the overall positive (negative) differential SSH anomalies in the southern (northern) 191 half of the band west of 160 • E and the positive differential SSH anomaly located to the 192 southeast of the Hawaiian Islands. Dynamically, these differential SSH features imply an increased surface eastward shear in 2003-06 as compared to 2009-11 in the 18 • -28 • N band.
194
In order to investigate how this increased eastward shear changes with depth, we regress 195 the time-varying ∂U g /∂z signals inferred from the MOAA-GPV data against the decadal 196 EKE index shown in Fig. 3c . Figure 7b as compared to 2009-11. 203 To further clarify the spatial pattern of the decadal eastward shear signals shown in 
where T is the water temperature, α is the thermal expansion coefficient, and denote the surface 150 m 1 can be written as: 1 Although the upper 150 m layer is chosen for the temperature budget analysis in this study, selecting a different layer thickness (e.g., H 0 =200 m) does not alter the conclusions reached in this section.
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Dynamically, the first term on the RHS of Eq. (4) signifies the wind forcing through Ekman 240 flux convergence and the second term, the surface heat flux forcing through y-dependent 241 heating/cooling. Figure 9a shows the time series of ∂U g /∂z averaged in the region of decadal signal similar to that of ∂U g /∂z both in terms of phase and amplitude (cf. Fig. 9a ).
251
A look into Figs. 9c and 9d indicates that ∼ 90% of this decadal signal in Fig.9b comes 252 from the surface heat flux forcing, with the contribution from the Ekman flux convergence 253 forcing at only ∼ 10% (note that the y-axis in Fig. 9c has a different scale). This result is Fig. 9c ), is less than −0.5 cm s −1 on average in the 18 • -30 • N band, and a smaller eddy meridional velocity can be expected on the CMW isopycnal surface. In other words, the maximum combined meridional velocity on the STMW and CMW isopycnal surface is −1.18 and −0.99 cm s −1 , respectively, in the 18 • -30 • N band. between the two anomalies, the ∂U g /∂z signals in Figs. 12c and 13c have a tendency to lead 329 the oppositely-signed PV signals in Figs. 12a and 13c , respectively. This leading tendency is Fig. 3c ). 
